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A d u a l - p l a n e t  b a l l i s t i c  f l y b y  of Venus and Mars was found 
c o r r e s p o n d i n g  to a l a u n c h  d a t e  l a t e  i n  1976. A n a l y s i s  shows t h a t  
s e v e r a l  o f  i t s  m i s s i o n  p a r a m e t e r s  compare f a v o r a b l y  w i t h  t h o s e  of 
Mars t w i l i g h t  f l y b y s  and o t h e r  d u a l - p l a n e t  f l y b y s  c u r r e n t l y  known 
t o  e x i s t .  T a b l e  I shows t h e  m i s s i o n  c h a r a c t e r i s t i c s .  

TABLE I 

PASS. PASS. 
DATE V-inf RAD.  VEL. AV 

( C a l e n d a r )  (emos) ( p . r . )  ( f p s )  ( f P d  EVENT ( J u l i a n )  

E a r t h  Dep. 244 3081 30 Oct.  76 .2144 16,200 

Venus Pass. 244 3312 18 J u n .  77 ,2182 1.430 35,330 

Mars Pass. 244 3501 24 Dec. 77 ,1518 1.138 

E a r t h  Arr. 244 3795 14 Oct .  78 .4017 53,300 

T h i s  d u a l - p l a n e t  f l y b y  i s  a s p e c i a l  c a s e  of t h e  outbound 
Venus swingby-Mars s t o p o v e r  m i s s i o n  c o r r e s p o n d i n g  to t h e  1978 Mars- 
Venus a l ignmen t  The swingbys a s s o c i a t e d  w i t h  t h i s  o p p o r t u n i t y  a r e  
of Type #5;), which g e n e r a l l y  r e v e a l  a t  l e a s t  one r e l a t i v e l y  h igh-  
e n e r g y  l e g  due to t i m i n g  i n c o m p a t i b i l i t i e s  a t  Mars. Zero s t o p o v e r  
t i m e  r e d u c e s  t h e  i n c o m p a t i b i l i t y .  

The Mars-Earth r e t u r n  l e g  comes v e r y  c l o s e  to Venus '  o r b i t  
( p e r i h e l i o n  d i s t a n c e  ~ . 7 2  a . u . ) .  I t  i s  t h e r e f o r e  l i k e l y  t h a t  t h e  
1977 t r i p l e  p l a n e t  f l y b y  ( l a u n c h  i n  F e b r u a r y ,  1977) i s  a s p e c i a l  
c a s e  o f  t h e  1976 d u a l - p l a n e t  f l y b y .  

The d u a l - p l a n e t  b a l l i s t i c  f l y b y  p r e s e n t e d  h e r e  o f f e r s  
d e f i n i t e  advan tages  o v e r  t h e  s i n g l e  p l a n e t  Mars T w i l i g h t  f l y b y s  
c u r r e n t l y  unde r  c o n s i d e r a t i o n :  
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1. Less m e t e o r o i d  p r o t e c t i o n  need be p r o v i d e d  because  
t h e  maximum s p a c e c r a f t  e x c u r s i o n  from t h e  Sun i s  on ly  
abou t  1 . 6  a . u . ,  v s  2 . 2 8  a . u .  f o r  t h e  t w i l i g h t  f l y b y .  

2 .  Much lower  p a s s a g e  v e l o c i t y  a t  Mars. T h i s  eases t h e  
unmanned p robe  deployment and MSSR c o n s t r a i n t s .  

These f a v o r a b l e  p r o p e r t i e s  are  common to o t h e r  m u l t i p l a n e t  
f l y b y s .  The 1 9 7 6  d u a l - p l a n e t  m i s s i o n ,  however,  has  t h e  a d d i t i o n a l  
f a v o r a b l e  c h a r a c t e r i s t i c s :  

1. Low p a s s a g e  speed  a t  Venus - % . 2 2  emos, v s  .35 emos 
f o r  e i t h e r  t h e  1975  o r  1978 d u a l - p l a n e t  f l y b y s .  

2 .  P e r i h e l i o n  d i s t a n c e  o f  abou t  . 6 8  a . u . ,  v s  a b o u t  .54 f o r  
t h e  1975  o r  1978 d u a l - p l a n e t  m i s s i o n s  - t h i s  r e d u c e s  t h e  
maximum s o l a r  h e a t  f l u x .  

D i sadvan tages  o f  t h e  1 9 7 6  d u a l - p l a n e t  f l y b y  a r e :  

1. Higher  E a r t h  r e t u r n  speed  - abou t  53 ,300  f p s ,  v s  48,000 f p s  
f o r  t h e  1975  Mars t w i l i g h t  f l y b y .  

2 .  Approximately 700  f p s  g r e a t e r  E a r t h  i n j e c t i o n  AV r e q u i r e d ,  
as  compared t o  t h e  1975 Mars t w i l i g h t  f l y b y .  

3 .  About one month l o n g e r  d u r a t i o n  t h a n  t h e  1975  Mars 
t w i l i g h t  f l y b y .  

It s h o u l d  be  bo rne  i n  mind t h a t  t h e  d a t a  p r e s e n t e d  h e r e  
i s  t h e  r e s u l t  of a v e r y  "quick"  l o o k  i n t o  t h e  e x i s t e n c e  o f  d u a l -  
p l a n e t  f l y b y s  and s h o u l d  n o t  b e  c o n s t r u e d  t o  r e p r e s e n t  a n  
o p t i m i z e d  m i s s i o n .  I n v e s t i g a t i o n  i n  d e p t h  may r e v e a l  more 
f a v o r a b l e  t r a j e c t o r i e s ,  which may e l i m i n a t e  one or more d i s -  
a d v a n t a g e s  e x p r e s s e d  above.  On t h e  o t h e r  hand,  t h e  e x i s t e n c e  
of  u s a b l e  "windows" r ema ins  t o  b e  s e e n .  

iiii -$\Lh 
H .  S .  London 

1013-  !i$-csh A .  A .  Vander Veen 

At t a c hmen t : 
R e f e r e n c e s  

copy to 
(see n e x t  p a g e )  
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